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Executive Summary

The assessment of Pacific bluefin tuna is a relatively recent process starting in 2008. Since then a
great deal of progress has been made in organizing data, focusing research and stabilizing the
assessment methodologies. The current report indicates that progress. As such the current
assessment provides the best scientific information available.

There are additional suggestions for future evaluation. In terms of model structure, configuration
and assumptions, | recommend that further investigation of Age 0 natural mortality rates. These
should be addressed through the evaluation of the timing of the stock-recruitment process: when
does density-dependence stop and density-independence begin, and whether there is overlap with
ages within Age 0 which undergo fishing mortality.

Additionally, the tagging data used to evaluate Age 0 natural mortality should be integrated into
the assessment. This should be done regardless of the density-dependent model chosen.

Uncertainty evaluations need to become a standard part of the assessments. These are the
probability functions of the status of the stock relative to benchmarks and the probability density
functions of catches required to achieve those benchmarks.

Alternative error structures for recruitment used in projections should be examined to incorporate
uncertainty in future ecological conditions.

The assessment reports should have “Kobe” plots (phase disgrams of S/Slimit versus F/Flimit) as
part of the standard output. Additionally, for scientific purposes, the assessment report should
include stock-recruitment plots (without any model on the plot) so that these might put the
historical data into the context of typical benchmarks. These will be useful to the scientists in the
process of assisting the RFMOs in their determination of limits, targets and control rules.

Continued monitoring research is needed to improve size sampling, aging and catch-per-effort
indices.



Background

The historical basis for the Pacific Bluefin Assessment is given in the assessment report (Pacific
Bluefin Tuna Working Group. 2013. Stock Assessment of Pacific Bluefin Tuna in 2012.
International Scientific Committee for Tuna and Tuna-Like Species in the North Pacific Ocean)
and is summarized here.

Pacific bluefin tuna (Thunnus orientalis) is considered a single Pacific-wide stock. Although
found throughout the North Pacific Ocean, spawning grounds are recognized only in the western
North Pacific Ocean. A portion of each cohort makes trans-Pacific migrations from the western
to the eastern North Pacific Ocean, spending up to several years of their juvenile stage in the east
before returning to the Western Pacific Ocean (WPO).

While historical Pacific bluefin tuna catch records are scant, landing records from coastal Japan
date back to as early as 1804 and to the early 1900s for U.S. fisheries operating in the Eastern
Pacific Ocean (EPO). Estimated catches of PBF were high from 1929 to 1940, with a peak catch
of approximately 59,000 mt in 1935 (47,000 mt and 12,000 mt in the eastern and western Pacific
Ocean, respectively). Thereafter estimated catches dropped precipitously due to WWII.
Estimated catches increased significantly in 1949 as Japanese fishing activities expanded across
the North Pacific Ocean. By 1952 a more consistent catch reporting process was adopted by most
fishing nations and annual catches widely from 1952-2011. During this period reported catch
peaked at 40,383 mt in 1956 and reached a low of 8,653 mt in 1990. While a suite of fishing
gears catch Pacific bluefin (PBF), the majority are caught in purse seine fisheries. Historical
catches (1952-2011) are predominately comprised of juvenile PBF, and since the early 1990s the
catch of age 0 PBF has increased significantly.

Population dynamics were estimated using a fully integrated age-structured model (Stock
Synthesis v3.23b; SS) fitted to catch, size composition and catch-per-unit of effort (CPUE) data
from 1952 to 2011 provided by ISC Pacific Bluefin Tuna Working Group (PBFWG) members.
Life history parameters included a length-at-age relationship from otolith-derived ages and
natural mortality estimates from a tag-recapture study.

Discussion
Discussion of some relevant aspects of the assessment: M in Age 0

The fishing year (and the basis of the year denotation) is Julyl-June 30. Recruitment has been
specified as the number of Age 0’s on July 1. Thus, Age 0’s are subjected to a large natural
mortality rate M=1.6 and a large F which is >0.4 for much of the time series. Additionally, fish
are specified to recruit at about 25 cm and are ~60-70 cm at Age 1. Significant numbers of fish at
about this size are caught in some fisheries as indicated by the selectivities and the historical
catches (Report Fig 5-7) including relatively large selectivities at the smallest sizes ~25cm. Thus,
the implication is that the fishing mortality rates in the July1l-Sept 30 quarter are large (as is
indicated in the assessment).



The assessment assumes that all density-dependence occurs prior to fishing in the April-June
quarter. However, we have a rather large F on Age 0. So how the timing occurs relative to the
mortality rates implied by the stock-recruitment relationship can make a difference. Is fishing
occurring during periods of density dependence? The current assumption is that all the density-
dependence occurs from April-June. There are options to include density-dependence during
periods when F occurs (Forest et al. 2013, Powers and Brooks 2005, Brooks and Powers 2007). |
believe that this sort of evaluation should be a standard practice when there are large catches of
Age 0. This might have improved S-R fits and the selection of a density-dependent model, but
who knows. Catches occurring during density dependence make a difference in benchmarks. But
alas, the density-dependent discussion becomes moot, once steepness is specified as 0.999.

The Iwata et al. (ISC/12-1/PBFWG/13) study derives the estimate of M 0 based on an entire year
with all the released tags in July, August and September. This report is an update of earlier work,
adjusting the tag-shedding rates. This Iwata et al. study indicates that fishing mortality rates are
included in the estimation model, but there is no discussion of their values. | could not access the
previous report, so I am not sure what significance of the F’s in the tagging model has. For future
use, | recommend that the tagging model should be integrated directly into the assessment as
another likelihood component.

The Working Group has had an ongoing discussion about Age 0 natural mortality rates (Report
of the Pacific Bluefin Tuna Working Group Workshop. International Scientific Committee for
Tuna and Tuna -Like Species in the North Pacific Ocean 6-13 January 2011. Shizuoka, Japan).
There is a school of thought that the M 0’s should be parsed into quarterly estimates with earlier
quarters having higher M’s. While I agree that the early M’s are likely to be higher, I find that
such an assumption opens the possibility that the early quarters are part of the density-dependent
process.

| understand that the current procedure is a standard best practice in assessments. Nevertheless, |
would like to see some exploration of this, i.e. the interaction between density-dependence and
fishing in the first year of life.

Discussion of some relevant aspects of the assessment: current status and benchmarks

One standard diagnostic that I like (require?) is to plot the stock-recruit data and interpret them in
terms of the history of the fishery and in terms of the % SPR replacement lines, the equilibrium
R/S with no fishing, etc. But there is no place in the report where the current status is stated. All
the F benchmark results are expressed as ratios without specifying a scale. | can infer what the
current SPR is by looking at the depletion ratio (Scurrent/So) for the base case in ReportTable
5-5; and since recruitment is ~ constant (h=.999), this means that SPR=S/So is about 4%.

| attempted to recreate the S/R and SPR calculations using life history data and estimated fishing
rate vectors. My rendition is in MyTable 1. | expect that this is not exact (wt at age vector may
be a little off, I did not use quarterly increments, etc). Also, using parameters in MyTable 1, |
computed equilibrium SPRs for every year (1952-2010) using the estimated F vectors in
ReportTable 5-2. Results are in MyFigure 1-2.



The result of this for the average F2007-09 vector results in an equilibrium SPR of about 5%.
When comparing this to FSPR’s at 10% and 20%, these results are consistent with the results in
the ReportTable 5.4. So | am reasonably confident that MyTable 1 is consistent with the
assessment. The equilibrium So/Ro value is 25. When this is multiplied by Ro, then the result is
S0=372,696. | used the average R over the times series as a surrogate Ro using a steepness=.999
model.

MyFigure 1 implies that the equilibrium achieved under current F’s and current recruitment will
result in stable SSB; this is equivalent to the projection in the report using this scenario.

Using MyFigure 1, current S is about 5% of So and the S at the beginning of the series (1950’s)
was about 1/3 of So. The current (2007-09) replacement lines imply that the equilibrium
achieved under current F’s and current recruitment will result in stable SSB; this is equivalent to
the projection in the report using this scenario. Indeed, since h=0.999 all of the projections are
simply transitional Y/R and S/R since recruitment does not change.

The 2007-09 equilibrium SPR was close to the lowest on record, although it increased in the last
two years. Interestingly, there was an extended period of low equilibrium SPRs in the 1970s and
1980s and after reductions in mortality the SSB responded to near the historical high.

While the current Fs are well above standard benchmarks, perusal of the figure raises important
questions. There appears to be adequate historical bases for why the SPRs in the 1950s were not
higher than 0.3 (periods of very high catch, primarily of age 0 prior to 1952). However, even
though SPRs were very low and Fs were very high in the 1970s-80s, the stock still responded
relatively rapidly once mortalities decreased. Was this just luck or are our perceptions of
acceptable F’s wrong? These are important questions which arise from examining the S-R plots.
| recommend that they be included in assessment reports.

Also it was my understanding that the tuna RFMOs required “Kobe” plots (phase diagrams of
S/Slimit versus F/Flimit. | understand that the WPFC and IATTC are currently going through the
process of defining targets and limits. Therefore, | understand the reluctance of the WG to
provide Kobe plots. However, these can be presented without the limit scale as in MyFigure 2.
While MyFigure 2 is in an absolute scale, it will be a simple transformation of both scales once
limits are chosen. Thus, the relative dynamics won’t change.

These are important questions which arise from examining the S-R plots. | recommend that they
be included in assessment reports along with the “Kobe” plots.

It is important to note the implications of using h=0.999 in the assessment model. | am sure that
the assessment scientists are aware of the issues but sometimes I think it is lost in interpreting
results of management benchmarks.

Assessments do not assume that steepness h is 0.999. Rather they make the evaluation that there

is no trend/contrasts in the data to determine steepness and the best approximation for estimating
dynamics over the range of the data is to assume a linear (horizontal) relationship between R and
S. Specifying 0.999 is just a mechanical convenience for implementing the linear approximation.



Nevertheless there are inherent implications in making this assumption. Most important is that
stock sizes have not declined to a level at which recruitment is impaired, especially in the latter
years. An assessment estimates deviations around the horizontal line and is choosing the height
of the line based upon fits to everything else.

But there are some inherent inconsistencies in arguing on the one hand that spawning biomass
was not low enough to increase the probability of low recruitment (h=0.999) and arguing on the
other hand that current SPRs and Fs are beyond benchmarks such that recruitment might be
impaired. This comment is addressed to all assessments not just the Pacific BFT assessment in
particular. What | am saying is that h=0.999 can be (and often is) a reasonable approximation for
estimating historical dynamics but that one must be a bit circumspect in converting that to
scientific advice about limits.

Common benchmarks are determined from the smallest S/R or SPR at which recruitment
will/will not be impaired. For example, if the current SPR were 30% and there were periods that
they were lower, then one could make the argument that the S/R or SPR limit could be lower
than 30% because the stock experienced those low SPRs and still recovered. Therefore, there
were levels < 30% at which the stock responded and de facto that level might be specified as a
precautionary limit. Then targets may be specified proportional to the limit.

However, if the current SPR is at or near the all time low, then the argument deteriorates. One
can’t be sure that the stock will recover from the current low. In that case one makes the
argument based on standard practices (typical benchmarks), recognizing that there are
inconsistencies between this assumption and the horizontal approximation.

But there is still the mitigating factor that in the past, the stock experienced SPRs near the current
low and still responded. This appears to be the case for Pacific BFT.

Additionally, definition of a limit is not solely a scientific process. A limit does not exist without
some management action associated with it. What are the management actions taken if a limit is
exceeded?

| am sure that the above will be important discussions in the process of defining targets/limits
and control rules in the near future.

Discussion of some relevant aspects of the assessment: other

There are a number of outstanding issues about technical aspects of the assessment as outlined
in: (Report of the Pacific Bluefin Tuna Working Group Workshop. International Scientific
Committee for Tuna and Tuna -Like Species in the North Pacific Ocean 6-13 January 2011.
Shizuoka, Japan). These include the weighting of size samples, aspects of CPUE standardization,
estimation of catches of minor fleets, etc. | do not have any comments to suggest any
improvements. Such things are best left with the ongoing investigations of the Working Group.

Additionally, as with most projections in stock assessments, recruitment process error and
measurement error are assumed to be constant. This is a “best practice” in stock assessments and
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perfectly acceptable. However, in the context of integrating ecosystem effects into stock
assessments, one effect might occur through the stock-recruitment process. Therefore, possible
changes in process error (ecosystem effects) might be evaluated during projections. In current
assessments because of constant variability assumptions, the variance determinations tend to
stabilize over time; whereas logically one would expect that they always be increasing. This
affects the probabilities of status determination in the future.



Summary of Findings for each ToR in which the weaknesses and strengths are described

This summary of findings essentially is a synthesis of the discussions above. My comments are
organized as responses to each ToR. However, because of considerable overlap in the listed
ToRs many of the answers are redundant.

1. Review the assessment methods to provide recommendations on how to improve its
application, and/or recommend other methods that would also be appropriate for the species,
fisheries, and available data.

Response:

My recommendations include: evaluating natural mortality rates of Age 0 including density-
dependent relationships; integrating tagging data into the assessment model; including S-R plots
as a standard diagnostic as with “Kobe” plots; evaluate alternative error structures for future
projections.

2. Evaluate the assessment model configuration, assumptions, and input parameters (fishery,
life history, and spawner recruit relationships) to provide recommendations on how to
improve: the use of data, specification of fixed input parameters, and specification of model
configuration.

Response:

My major suggestions for alternative model structure are: natural mortality rates of Age 0
including density-dependent relationships; integrating tagging data into the assessment model,
and to evaluate alternative error structures for future projections.

3. Provide recommendations on improving the treatment of assumptions (e.g. sensitivity
analyses) and description of uncertainty in estimates of stock dynamics and management
quantities (e.g. reference points).

Response:

At this stage management has not established either target or limit benchmarks. Therefore, this
assessment did not address this extensively. However, it is expected (and | recommend) that once
these are chosen, then probability density functions be generated of current status relative to
benchmarks and catch over the ensuing 2-3 years at the benchmarks, under various levels of
management risk-taking.

4. Provide recommendations on improving the adequacy, appropriateness, and application of
the methods used to project future population status.

Response:



The projection methodology is adequate, it being a standard part of the software. | might note
that one can see the general effects of alternative F’s by simply examining the S-R plots without
doing projections. However, more detailed fisheries specific scenarios are often required, and
thus, so too are the projections.

Additionally, as with most projections in stock assessments, recruitment process error and
measurement error are assumed to be constant. This is a “best practice” in stock assessments and
perfectly acceptable. However, in the context of integrating ecosystem effects into stock
assessments, one effect might occur through the stock-recruitment process. Therefore, possible
changes in process error (ecosystem effects) might be evaluated during projections.

5. Suggest research priorities to improve the stock assessment including data, life history and
modelling.

Response:

As with most stocks, research priorities for Pacific bluefin include estimation of natural mortality
rates (perhaps through continued tagging), direct aging of bluefin, improved size sampling,
estimation of reproductive behavior (fecundity/maturity/spawning), continued evaluation of
CPUE standardization. | do not know the financial/organizational feasibility of these priorities.

In terms of modelling, | suggest: that the consequences of density-dependence in the first year of
life and the associated natural mortality rate be explored; that Age 0 tagging data be integrated
into the assessment and that the evaluation of limit benchmarks be examined in the context of
observed bluefin dynamics.



Conclusions and Recommendations in accordance with the ToRs.

The assessment of Pacific bluefin tuna is a relatively recent process starting in 2008. Since then a
great deal of progress has been made in organizing data, focusing research and stabilizing the
assessment methodologies. The current report indicates that progress. As such, the current
assessment provides the best scientific information available.

Nevertheless, suggestions for further investigation which might be fruitful are listed below.
These conclusions and recommendations are required to be related to the ToRs. As such, the rest
of the Conclusions and Recommendations section is required to be associated with the ToRs.
Therefore, they should be the same as the Summary of Findings, as they are:

Review the assessment methods to provide recommendations on how to improve its application,
and/or recommend other methods that would also be appropriate for the species, fisheries, and
available data.

My recommendations include: evaluating natural mortality rates of Age 0 including density-
dependent relationships; integrating tagging data into the assessment model; including S-R plots
as a standard diagnostic as with “Kobe” plots; evaluate alternative error structures for future
projections.

Evaluate the assessment model configuration, assumptions, and input parameters (fishery, life
history, and spawner recruit relationships) to provide recommendations on how to improve: the
use of data, specification of fixed input parameters, and specification of model configuration.

My major suggestions for alternative model structure are: natural mortality rates of Age 0
including density-dependent relationships; integrating tagging data into the assessment model,;
and to evaluate alternative error structures for future projections.

Provide recommendations on improving the treatment of assumptions (e.g. sensitivity analyses)
and description of uncertainty in estimates of stock dynamics and management quantities (e.g.
reference points).

At this stage management has not established either target or limit benchmarks. Therefore, this
assessment did not address this extensively. However, it is expected (and | recommend) that once
these are chosen, then probability density functions be generated of current status relative to
benchmarks and catch over the ensuing 2-3 years at the benchmarks, under various levels of
management risk-taking.

Provide recommendations on improving the adequacy, appropriateness, and application of the
methods used to project future population status.

The projection methodology is adequate, it being a standard part of the software. | might note
that one can see the general effects of alternative F’s by simply examining the S-R plots without
doing projections. However, more detailed fisheries specific scenarios are often required, and
thus, so too are the projections.
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Additionally, as with most projections in stock assessments, recruitment process error and
measurement error are assumed to be constant. This is a “best practice” in stock assessments and
perfectly acceptable. However, in the context of integrating ecosystem effects into stock
assessments, one effect might occur through the stock-recruitment process. Therefore, possible
changes in process error (ecosystem effects) might be evaluated during projections.

Suggest research priorities to improve the stock assessment including data, life history and
modelling.

As with most stocks, research priorities for Pacific bluefin include estimation of natural mortality
rates (perhaps through continued tagging), direct aging of bluefin, improved size sampling,
estimation of reproductive behavior (fecundity/maturity/spawning), continued evaluation of
CPUE standardization. | do not know the financial/organizational feasibility of these priorities.

In terms of modelling, | suggest the following:

e The consequences of density-dependence in the first year of life and the associated
natural mortality rate be explored

e Age 0 tagging data be integrated into the assessment

e The evaluation of limit benchmarks be examined in the context of observed bluefin
dynamics.
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Figures and Tables

Table MyTable 1. Spreadsheet estimation of SPR and So for the average 2007-09 F.

Linf 254.4137 L2

K 0.157473 L1

W=alL"b

a: 1.71E-05 A1l

b 3.0382 A2
Age M Lage

0 1.6 215
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2 0.25 84.42683
3 0.25 109.194
4 0.25 130.3526
5 0.25 148.4283
6 0.25 163.8705
7 0.25 177.0627
8 0.25 188.3327
9 0.25 197.9608
10 0.25 206.186
11 0.25 213.2128
12 0.25 219.2158
13 0.25 224.3441
14 0.25 228.7253
15 0.25 232.4681
16 0.25 235.6656
17 0.25 238.3972
18 0.25 240.7308
19 0.25 242.7244
20 0.25 244.4276
21 0.25 245.8825
22 0.25 247.1255
23 0.25 248.1874
24 0.25 249.0946
25 0.25 249.8696
26 0.25 250.5317
27 0.25 251.0973
28 0.25 251.5805

29 0.25
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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0.0532
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0.1913

3.3994
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318.8526
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13

0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500
0.1500

0.0001
0.0001
0.0001
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0213
0.0166
0.0130
0.0101
0.0079
0.0062
0.0048
0.0038
0.0029
0.0023
0.0018
0.0014
0.0011
0.0008
0.0007
0.0005
0.0004
0.0003
0.0002
0.0002
0.0001

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000



= = -SPR5.0%
. SPR20.0%
,/ ....... So/Ro=25
p ® ° e 2010
/ ° — — AveR
o
8 0O
52
O N
O
o
o
0 20000 40000 60000 80000 100000 120000 140000
Stock
o [} [ ] [ ]
&
o e [ ]
g ~ [} [ X J
= o
é PY "‘ °
'S ) [ ] L ° o o
|_|°.|- ° [ ] o [ ] @ LX) ° o
[}
) () ®
oo’ L 1
[ ]
o T T T T T T
1950 1960 1970 1980 1990 2000 2010
Year

MyFigure 1.Top: S-R data and equilibrium replacement lines. These were calculated from
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Each CIE reviewer shall complete the independent peer review according to required format and
content as described in Annex 1. Each CIE reviewer shall complete the independent peer review
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Shivlani, CIE Lead Coordinator, via email to shivlanim@bellsouth.net, and to Dr. David
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Annex 1: Format and Contents of CIE Independent Peer Review Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a concise
summary of the findings and recommendations, and specify whether the science reviewed is
the best scientific information available.

2. The main body of the reviewer report shall consist of a Background and Summary of Findings
for each ToR in which the weaknesses and strengths are described, and Conclusions and
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Appendix 2: A copy of the CIE Statement of Work
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Annex 2: Terms of Reference for the Peer Review

Stock assessment of Pacific bluefin tuna

1. Review the assessment methods to provide recommendations on how to improve its
application, and/or recommend other methods that would also be appropriate for the
species, fisheries, and available data.

2. Evaluate the assessment model configuration, assumptions, and input parameters
(fishery, life history, and spawner recruit relationships) to provide recommendations
on how to improve: the use of data, specification of fixed input parameters, and
specification of model configuration.

3. Provide recommendations on improving the treatment of assumptions (e.g. sensitivity
analyses) and description of uncertainty in estimates of stock dynamics and
management quantities (e.g. reference points).

4. Provide recommendations on improving the adequacy, appropriateness, and
application of the methods used to project future population status.

5. Suggest research priorities to improve the stock assessment including data, life history
and modelling.

Please note that supporting documentation for the review is confidential and reviewers are
not to circulate these documents.
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